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The most intense gamma-ray line observable from novae is likely to be from positron annihilation 
associated with the decay of ^*F. The uncertainty in the destruction rate of this nucleus through 
the ^*F(p,a)^^0 reaction presents a limit to interpretation of any future observed gamma-ray flux. 
Direct measurements of the cross section of both this reaction and the ^*F(p,p)^*F reaction have 
been performed between center of mass energies of 0.5 and 1.9 MeV. Simultaneous fits to both 
data sets with the R-Matrix formalism reveal several resonances, with the inferred parameters of 
populated states in ^^Ne in general agreement with previous measurements. Of particular interest, 
extra strength has been observed above Ecm ~1.3 MeV in the ^*F(p,p)^*F reaction and between 
1.3-1.7 MeV in the ^*F(p,Qf)^^0 reaction. This is well described by a broad 1/2^ state, consistent 
with both a recent theoretical prediction and an inelastic scattering measurement. The astrophysical 
implications of a broad sub-threshold partner to this state are discussed. 



PACS numbers: 24.30.-v,26.50.-|-x,27.20.-|-n,29.38.Gj 

I. INTRODUCTION 

Novae are the most common astrophysical explosion sites 
in the Universe and provide an exceUent opportunity for 
the study of the nucleosynthesis of radioisotopes through 
detection of their gamma-ray emission. The current IN- 
TEGRAL satellite includes such an objective within its 
mission goals. A robust prediction of simulations of CO- 
and ONe-type novae events is that their gamma-ray emis- 
sion will be dominated by the 511 keV gamma-rays pro- 
duced by positron annihilation following the l3~^ decay of 
-'^F [l[. Key reasons for the high flux are that this iso- 
tope is produced relatively abundantly, and its lifetime of 
~158 minutes is well matched to the timescale for nova 
ejecta to become transparent to gamma-ray emission. 
There remains however a large uncertainty on the ab- 
solute flux, and by implication the detectability distance 
for novae, because of uncertainty in the rates of the nu- 
clear reactions producing and destroying ^^F. Of these, 
the reaction which contributes the most uncertainty to 
the final abundance of ^*F is that of ^®F(p,Q!)^^0. It is 
this reaction which is the focus of the present work. 

Despite significant recent effort expended on determi- 
nation of this reaction rate, the situation remains unclear. 



In the energy region of interest, several states in -'^Ne 
may make resonant contributions to the ^^F(p,a)^^0 re- 
action rate (see [2] for a recent summary) . S- and p-wave 
resonances just above and below the ^^F-|-p threshold 
at 6411 keV have proven difficult to measure, although 
some recent progress has been made The impact of 
interference between states of the same spin-parity is still 
unclear, although again, some recent progress has been 
made [J| . It is also expected that there are additional res- 
onances in the region of interest that are yet to be seen. 
One such prediction is for a broad J"^ = 1/2+ state, be- 
low threshold, but which has sufficient width to play an 
important role in the nova burning energy range [5| . The 
Generator Coordinate Method model that made this pre- 
diction also suggests the existence of another broad 1/2+ 
state (Fp = 157 keV, Fq = 139 keV) at a resonance 
energy around 1.49 MeV (E3;(i3Ne) = 7894 keV). Data 
from a recent -'H(^^Ne,p)^^Ne*(p)^^F inelastic scattering 
measurement revealed a broad feature beneath several 
well defined peaks that is consistent with the presence 
of such a state Q. However a direct measurement us- 
ing the thick target method Q revealed no such feature, 
though a narrow state of different spin was observed in 
the vicinity. This measurement only took data up to 
Ecm ^ 1-6 MeV, hence the assignment of parameters 
to this state is hampered by its vicinity to this high en- 
ergy cut off. 
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II. EXPERIMENTAL WORK 
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FIG. 1: Schematic layout of the experimental set up. The 
was stopped in a thick CH2 target. Recoiling proton and 
alpha particles were detected in a double sided silicon strip 
detector. 



An experiment was carried out at the GANIL-SPIRAL 
facility, Caen, in April 2010. A schematic diagram of 
the experimental set up used is shown in Figure [TJ A 
95 MeV/A primary beam of ^''Ne bombarded a thick 
carbon target. Secondary -'^^F ions were extracted in the 
molecular form HF, ionized in an ECR ion source, and 
post-accelerated with the CIME cyclotron Q to form a 
secondary radioactive ion beam of energy 3.924 MeV/A. 
The typical ^^F intensity was ~ 2 x lO^pps. The beam 
optics were tuned to deliver ions of mass-to-charge ratio 
equal to 2, i.e. a 9+ charge state for ^®F ions. This was 
achieved through use of a thin carbon stripper-foil placed 
in the beam line after the CIME cyclotron and was moti- 
vated by the desire to eliminate expected contamination 
with ions. 

A 5.5 ± 0.3 /im Au foil was mounted on the upstream 
face of the target ladder, degrading the ^^F beam to 
an energy of 1.7 MeV/A. The target then consisted of 
55 ± 4 ^m of low density PTFE (CH2 polymer), thick 
enough to stop the beam, but thin enough to allow light 
ions to escape. Protons and alpha particles, emitted 
from -^^F(p,p)-^^F and ^®F(p,a)^^0 reactions in the tar- 
get, were detected in a 50 mm x 50 mm double sided 
silicon strip detector (Micron Semiconductors Ltd. type- 
W 0) located 248 ± 1 mm downstream of the target. 
Carbon ions were also observed from ^®F(^^C,^^C)^*F 
scattering. To provide a local reference time for each ion 
delivered, a 3 fim aluminised Mylar foil at 45° to the 
beam axis and a microchannel plate (MCP) were posi- 
tioned upstream. Employing energy versus time of flight, 
all three particle species were well separated and identi- 
fied, as shown in Figure [5] The most intense locus in 
Figure [2] corresponds to carbon ions, the next most in- 
tense to protons, and the low intensity band between the 
two corresponds to alpha-particles. 

Possible contamination of the beam by ^*Ne ions was 
searched for by inserting a Hamamatsu photodiode de- 
tector [lo| with a thin aluminum degrader entrance foil 
into the target position. The beam was found to split 



into two components, with the lower energy component 
consistent with ^®Ne at an intensity ^ 3% of that of 
"'^^F, thus contributing negligibly to the observed proton 
yield [ll|. As can be seen in Figure [51 there appears to 
be an additional contribution to the alpha-particle locus 
{Eiab ^11 MeV). Gating on these events revealed that 
they were impacting the center of the detector, i.e. these 
events were aligned with the beam axis and were most 
likely due to ^He beam contaminant. These events were 
discounted from further analysis. 
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FIG. 2: The time difference between beam ions traversing 
the MCP foil and particles being detected in the DSSD, as 
a function of the detected particle energy. Three loci are 
observed: a proton locus (lower left), an alpha particle lo- 
cus (middle), and a carbon ion locus from ^*F(^^C,^^C)^*F 
events. At ~11 MeV, 
served. 



He ion beam contaminant is ob- 



For a thick-target experiment, with protons undergo- 
ing elastic scattering, and for alpha-particles originating 
from (p,q;) reactions, the detected energy and angle of a 
particle is uniquely related to the center of mass energy 
of the scattering/reaction. By consideration of all pos- 
sible target depths at which reactions might occur and 
angles to which particles might be detected, an angle- 
dependent algorithm was generated mapping laboratory 
energy to centre of mass energy. Energy losses in the de- 
grader, the target and in detector dead layers were based 
on SRIM2008.04 The algorithm was then applied 

to each event to generate center of mass energy spectra 
for the i^F(p,p)i^F and ^®F(p,a)^^0 reactions. The re- 
sulting spectra are presented in Figure [31 

Contributions to the energy resolution of these spec- 
tra arise from several factors, including: the geometric 
angular resolution of the detector; the intrinsic energy 
resolution of the detector and associated electronics; the 
energy and angular straggling of the beam and ions in 
passing through degraders, target and detector dead lay- 
ers; uncertainty in the detector alignment with respect 
to the beam; beam divergence and beam spot size at the 
target. A significant additional uncertainty may arise if 
the absolute energy loss corrections are inaccurate, ei- 



3 



ther because of insufBcient knowledge of stopping pow- 
ers, or due to incorrect target thickness measurements. 
The complexity of estimating the overall effect of these 
factors, especially given the use of a thick degrader, to- 
gether with the potential sensitivity of the subsequent 
analysis on correct determination of the energies and en- 
ergy resolutions, warranted the development of a dedi- 
cated Monte Carlo simulation of the above effects. En- 
ergy losses, energy strag glin g and angular straggling were 
based on SRIM2008.04 [ij], the intrinsic energy resolu- 
tion of the detectors was 15 keV for protons and 25 keV 
for alpha particles [11], and the beam divergence (0.5 
degrees) and beam spot size (10 mm) were determined 
during the experiment. Target and degrader thicknesses 
were determined with calibrated alpha-particle energy 
loss measurements and cross-checked by measurements of 
mass per unit area. Both reactions of interest were simu- 
lated, with the angular distribution of reactions assumed 
to be isotropic in the center of mass. Energy resolution 
for the detected alpha particles (rms, in the lab frame) 
was found to range between 40 and 70 keV for scatters 
occurring at center of mass energies of 0.6 MeV, increas- 
ing to between 60 and 160 keV for center of mass energy 
of 1.9 MeV while for the protons, this was between 30 
and 40 keV at 0.6 MeV, increasing to between 25 and 
50 keV at 1.9 MeV. The larger resolutions correspond to 
wider angle scatters in both cases. 



III. RESULTS AND DISCUSSION 

The center of mass excitation functions for the 
^*F(p,p)^^F and ^^F{p,ay^O reactions are shown in Fig- 
ure[31 Data from all detector pixels (all scattering angles) 
are included as the limited number of events precluded 
projection of angular distributions. Data have been re- 
moved near Ec.m.=0.92 MeV in the ^^F(p,a)^^0 channel 
because of the contamination due to *He ions present in 
the beam. Furthermore, despite the good intrinsic energy 
resolution determined from the Monte Carlo simulations, 
the limited statistics have required that the spectra are 
binned at 25 keV (CM). Several resonant structures are 
observed of which the most prominent is that at 665 keV, 
due to the weU known 7076 keV J'" = 3/2+ state in 
^^Ne [l3|. While the relative normalization between the 
two data sets was maintained, the absolute normaliza- 
tion was adjusted to provide consistency with the known 
differential cross section in the vicinity of this peak; as 
such no parameters were extracted from this data set for 
this resonance. It should be noted though that the ob- 
served width of this peak matches well the rather precise 
widths found in previous studies, providing some vali- 
dation of the Monte Carlo used to estimate the energy 
resolution. 

Interpretation of the data, aided by i?-matrix calcula- 
tions informed by previous results in the literature, re- 
vealed 6 further resonant structures present in the exci- 
tation functions. Their parameters are given in table U 
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FIG. 3: (Color online.) Differential cross sections of both 
^*F(p,p)^*F and ^*F(p,a)^^0 reactions as a function of center 
of mass energy. A simultaneous 7?-matrix fit, calculated of 
a center of mass angle of 176°, is shown by the solid black 
line with the 1/2+ contribution shown in long-dashed green 
and (in the elastic scattering case) the Coulomb contribution 
is in pale blue. The 1/2+ contribution is consistent with a 
predicted broad state jsj. The combined fit has a of 1.633 



labelled B-F and H. In addition, there is also additional 
strength in the region of 1.3-1.7 MeV. An additional 
broad seventh state, here labelled G, has been included 
to account for this additional strength. 

In addition to resonant structures, the presence of car- 
bon in the target allows a possible contribution from 
fusion-evaporation reactions. To investigate this, data 
were taken with the CH2 target replaced with a thick 
natural carbon target. The resulting yield of both pro- 
tons and alpha particles was found to be small and in- 
sufhcient to make a significant contribution to any of the 
proposed resonant structures. This conclusion was sup- 
ported by the results of fusion-evaporation event rate es- 
timates made using the LISE computer code jT5| . 

To extract best estimates of the parameters of the 
states forming these 7 resonances, the data have been 
compared to i?-matrix calculations of the excitation func- 
tions under various assumptions for the energies and par- 
tial widths for each state. The i?-matrix calculations llal 
were performed with the multichannel DREAM code [rn |. 
with a channel radius of 5 fm, and an energy dependent 
energy resolution (values determined by the Monte Carlo 
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TABLE I: Tabulation of the resonance parameters extracted from the present data when all resonances are allowed to vary 
within the minimisation procedure. The resulting i?- matrix calculated excitation curves are shown in Figure [31 Also presented 
is a summary of previously reported parameters. 



Resonance 


This work 

EcM 

(MeV) 


J" 


(keV) 


(keV) 


Previous Results 

EcM 

(MeV) 


(keV) 


(keV) 


F 

(keV) 


Ref. 


A" 


0.665 


3 + 
1 + 


15.2 


23.8 


0.6647(16) 


3 + 
1 + 


15.2(1) 


23.8(12) 




[14] 


B 


0.759(20) 


2 


1.6(5) 


2.4(6) 


U.oz 1(0) 


2 


0.35(35) 


6.0(52) 




[14] 












0. /93(3i ) 


3(+) 






35(12) 




C 


1.096(11) 


5 + 
2 


3(1) 


54(12) 


1.089(9) 


1 + 
2 


1.25(125) 


0.24(24) 




[18] 












1.092(30) 


5(-) 
2 






17(7) 


M 












1.089(3) 


5 + 
1 + 


1(1) 


1.5(10) 






D 


1.160(34) 


3 + 
2 


2.3(6) 


1.9(6) 


1.197(11) 


2 


2(1) 


43(15) 




[19] 












1.206(5) 


3(+) 
2 






21(10) 


m 


E 


1.219(22) 


3 - 
2 


21(3) 


0.1(1) 


1.233(12) 


1 - 
2 


27(10) 


16(6) 




[19] 












1.233(18) 


3 - 
1 + 


1(1) 


3(3) 




m 


F 


1.335(6) 


3 + 
2 


65(8) 


26(4) 


1.347(5) 


2 


42(10) 


5(2) 




m 


G 


1.455(38) 


1 + 
2 


55(12) 


347(92) 


1.452(39) 


l( + ) 

!(-) 






292(107) 


m 


H 


1.571(13) 


5 + 
2 


1.7(4) 


12(3) 


1.564(10) 


!+ 






11(8) 


[6] 












1.573(8) 


2 


8(tD 


34(13) 




\7] 



"Parameters of state A are constrained to those shown here to 
provide normalisation. Hence, no parameters or error bars have 
been extracted in the present work. 



TABLE IL Covariance matrix for all parameters allowed to vary in the fitting process 



B 

EcM 



C 

F„ Ec 



M 



D 

Fa EcM 



E 

EcM Fp 



F 

Fa EcM 



G 

EcM 



Fa 



H 

EcM 



Fa 



-0.51 0.99 
1 -0.51 
1 




0.01 

1 




0.03 
0.01 
0.14 

1 






0.01 
0.03 
-0.27 

1 








0.05 
0.08 
0.02 

1 








0.02 
-0.02 
0.13 






0.01 
0.05 
0.07 
0.07 



-0.78 0.99 
1 -0.71 
1 





-0.01 


-0.02 
-0.09 
-0.01 
-0.02 
-0.04 
-0.01 
1 




0.07 
0.01 
0.01 
-0.05 
-0.02 
0.02 
0.15 
0.02 
-0.11 

1 





-0.02 
0.01 
0.50 
-0.11 
-0.05 
0.10 
0.07 
0.17 
0.11 
-0.29 
1 






-0.02 
-0.01 
0.02 
-0.02 
-0.03 
-0.01 
-0.08 
-0.02 
0.01 
-0.08 
1 



0.02 
-0.08 
0.03 
0.01 
0.01 
0.06 
0.08 



02 
01 
03 
04 
07 
07 



0.04 0.02 
12 

04 
07 
18 
17 
02 
1 



0.13 
0.04 
-0.42 
0.24 
-0.50 
1 



-0.01 


-0.02 
0.12 
-0.27 
0.10 
-0.07 
0.02 
-0.07 
-0.13 
-0.13 
0.02 
0.04 
-0.23 
-0.56 
1 



0.01 
-0.03 
0.01 
-0.14 
0.21 
0.21 
0.05 
-0.05 
0.03 
0.03 
0.03 
-0.46 
0.08 
0.18 
0.33 
-0.33 
1 




0.04 
0.02 
0.02 
0.25 
-0.25 
0.01 
0.05 
0.03 
0.10 
0.06 
0.27 
-0.22 
-0.08 
-0.08 



-0.69 
1 







-0.01 
0.09 
0.12 







-0.13 


-0.01 
-0.01 
-0.33 
-0.19 
0.03 
1 







-0.02 
0.05 
0.11 




-0.01 
0.01 



-0.20 


0.02 
0.03 
0.22 
0.53 
-0.41 
-0.63 

1 







-0.01 
0.11 
0.22 



-0.01 
-0.01 


-0.01 
-0.34 


0.02 
0.01 
0.19 
0.60 
-0.51 
-0.39 
0.93 

1 



studies discussed earlier). Events detected were spread 
over a range of angles, from ^-^172° to 180° in the center 
of mass. The value used for the calculations was, there- 
fore, taken to be the average angle of all detector pixels, 
~ 176°. It was found that there was no significant sen- 
sitivity in to alternative angle choices in the range 



^-^172° to 180°. The parameters resuhing in a minimum 
in the reduced foi' the simuhaneous fit to both data 
sets was searched for. In the region of minima, likelihoods 
were also calculated and it was observed that the max- 
imum likelihood coincided with the minimum x^- The 
process has been repeated under alternative assumptions 
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of angular momentum transfer and spin of the states, and 
for alternative possibilities for the signs of the interfer- 
ence between states of identical spin-parity. Under the 
condition that the widths and energies for all states (ex- 
cept the well-known 3/2+ state at 7076 keV) could vary 
freely, the parameter set resulting in the overall smallest 
reduced ^ is shown in Table HI Additionally, previous 
measurements of the states observed here are noted in 
the table. It can be seen that the assigned parameters 
vary significantly between many of the measurements. 

As noted in [20} . the parameter uncertainty estimates 
calculated by the DREAM code are underestimated when 
the minimum is greater than 1; the suggested proce- 
dure for correction to the uncertainties has been applied, 
i.e. the error bars on data points are increased to give 
the best fit line a = 1, and then the parameter error 
estimation routines of the DREAM code are reimplemented, 
generating revised estimates of the errors. We have also 
explored the correlation between extracted parameters, 
and, unsurprisingly, find several of the parameters to be 
strongly correlated, meaning the corresponding uncer- 
tainties are not independent. For completeness. Table HIl 
lists the covariance matrix with large values highlighting 
parameters which are highly correlated. 

The feature labelled B is likely to be the resonance pre- 
viouslyobserved by Bardayan et al. , and by Dalouzy 
et al. (see Table |T] for observed energies and widths) . 
The energy reported here is somewhat lower than pre- 
viously observed, though it is poorly constrained as is 
illustrated by the large covariance between the energy 
and relative widths of this state. 

Feature C has previously been observed several 
times d, 0, [H, [l^ , but while there is reasonable agree- 
ment in energy and proton width, the present fit sug- 
gests a significantly broader alpha width than the ear- 
lier works, even given their disagreement. Re-analysis 
of the data in Murphy et al. [7] has revealed an am- 
biguity such that a significantly broader alpha partial 
width than reported would also adequately describe the 
structure. Based on two previous observations of a state 
with likely J'^ = 3/2+ approximately 100 keV higher 
in energy [l^ , we have included resonance D to our 
i?-matrix calculations. We find a proton partial width 
for this state in agreement with Utku et al. (loj . but a 
significantly narrower alpha width, and consequently a 
total width which is less than was found by Dalouzy et 
al. [Q]. It seems likely therefore that features C and D 
are poorly resolved in this and other measurements, with 
both states having proton widths of order 1-3 keV and 
the sum of their alpha widths being of order 40-50 keV 
(assuming their spins are as stated). Table HIl suggests 
that the correlation between the extracted parameters 
for resonances C and D is low in the present measure- 
ment. 

The strong feature at i?cM=l-2-1.4 MeV is well de- 
scribed by two previously observed states in ^^Ne, la- 
belled here as E and F, but only when additional strength 
underlying these states is attributed to an additional 



broad state, labelled G, described shortly. States E and 
F match those previously observed at excitation energies 
of 7624 and 7748 keV 0, [H, where state F must have 
the opposite sign of interference to state A to adequately 
fit the data. Consistent with Q, state F was given a 
negative sign of interference while other 3/2+ states are 
assumed to have positive interference signs. Here the 
J'^ = 3/2~ assignment is favored for resonance E, as in 
Murphy et al. [7| , although the proton and alpha widths 
are closer to those seen by Utku et al. [l^ where an as- 
signment of J'^ — l/2~ was proposed. 
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FIG. 4: The Astrophysical S-factor for the ^*F(p,a)^'^0 reac- 
tion. The dashed lines are the astrophysical S-factor arising 
from interference combinations giving the highest and lowest 
values in the astrophysical region based on the parameters 
recommended by Iliadis et al. The addition of the pre- 

dicted subthreshold J'^ — 1/2+ state significantly enhances 
the S-factor, as shown by the solid lines. 

A further clear feature, H, is seen at about 1.571 MeV, 
and is here most well reproduced by a J"^ = 5/2+ state. 
In the work of Murphy et al. Q a resonance was seen 
at close to the same energy, but a 1/2+ assignment was 
found to best reproduce the data, although this was ten- 
tative due to the proximity of the state to the upper 
energy limit of that experiment. Dalouzy et al. also 
observed a state close to this energy, of somewhat smaller 
width, and made an unambiguous assignment of 5/2 for 
the spin based on a parity independent angular distribu- 
tion measurement: the parity was inferred on the basis of 
the lower centrifugal barrier for protons in the reaction 
being studied. In the present work, attempts to fit the 
data with a = 5/2^ assignment are poor, strongly 
favoring the positive parity assignment. 

As stated, a broad resonance, denoted G, has been 
included in the present work. Its contribution to the 
differential cross section of both reactions studied is il- 
lustrated by the dashed lines in Figure [31 Without the 
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inclusion of this state, the best fit of the i?-matrix calcu- 
lations to the data is significantly worsened, especially in 
the higher energy region of the ^^F(p,a)^^0 data. The 
overall reduced value for the simultaneous fit to the 
entire data set changes from 1.633 to 2.483, and, con- 
sidering only the data between 1.0 and 1.8 MeV, the 
reduced changes from 1.306 to 2.486. Furthermore, 
the deduced parameters for resonances C, D, E, F and H 
depart significantly further from literature values. With 
the inclusion of resonance G, our best fit corresponds to a 
J'^ = 1/2+ state at an excitation energy of 7870±40 keV 
with a proton partial width of 55±12 keV and an alpha 
partial width of 347±92 keV. The extracted parameters 
show quite strong correlations with those extracted for 
resonances F and H. The data are consistent with the 
presence of the state predicted by Dufour and Descouve- 
mont Q and observed by Dalouzy et al. [6!|. 

The apparent existence of the broad state G supports 
the prediction of an additional broad 1/2+ state below 
threshold. The impact of such a state is illustrated in 
Figure 21 where the astrophysical S"- Factor most recently 
recommended by Iliadis et al. 2l| is shown (dashed lines) , 
together with same S'-factor modified by the inclusion 
of the proposed subthreshold 1/2+ state with parame- 
ters as suggested by 01 (solid lines). The two curves 
shown in each case correspond to the highest and lowest 
^-factors allowed due to the uncertainty in the interfer- 
ence between the 38 and 665 keV J'^ = 3/2+ states. 
Within the Gamow window, the astrophysical S'-factor 
is increased, is more tightly constrained, and the possi- 
bility of strongly destructive interference, as highlighted 
by de Sereville et al. l22l | is removed. The lowest energy 
measurement to date [J| was at 250 keV, with an S'-factor 
of 105+gj!)^ MeV b, in good agreement with this result. 



IV. CONCLUSION 

New data have been obtained in the study of the as- 
trophysically important "'^*F(p,Q!)^^0 reaction, relevant 



to gamma-ray production in novae. An i?-matrix anal- 
ysis has been performed to deduce the parameters of 
states causing resonant structures in measured excita- 
tion functions. A well-known state was clearly identi- 
fied at EcM — 0.665 MeV and constraints were placed 
on the parameters of 7 more resonances, including those 
populated by low angular momentum transfers which are 
of most astrophysical importance. The results are con- 
sistent with a recent prediction and measurement of a 
broad 1/2+ state at an excitation of '^7860 keV in ^^Ne. 
The existence of this state supports the Generator Co- 
ordinate Method prediction of another broad state at 
sub-threshold energies, contributing significantly at no- 
vae temperatures. The inclusion of this resonant contri- 
bution is independent of the unknown strengths arising 
from several J'^ = 3/2+ states where the interference be- 
tween the states generates a large uncertainty. Hence, 
the reaction rate at astrophysical temperatures is fur- 
ther constrained to relatively high values, resulting in a 
lower abundance of ^^F in nova ejecta and a consequent 
reduced detectability distance for these events. 
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